Thermoelectric materials convert thermal energy to electricity via the Seebeck effect, a very interesting fundamental phenomenon observed in electrically conductive solids [1] . One well-known group of high-efficiency thermoelectric materials is based on the GeTe, where Ge is replaced by Ag and Sb forming Ag x Sb x Ge 50-2x Te 50 (Tellurium-Antimony-Germanium-Silver, TAGS) materials [2] . These materials show p-type (hole) conductivity and continue to attract great attention [3] [4] [5] , while the origin of their high efficiency has never been explained. GeTe is p-type narrow-band semiconductor [6] with a high hole concentration, 8×10 20 cm -3 , generated by ~4×10 20 cm -3 Ge vacancies (each Ge vacancy generates two holes) [7, 8] , and exhibits gradual transformation of low-temperature rhombohedral to high-temperature cubic structure [8, 9] , which makes this compound very complex solid state system.
The Seebeck coefficient (or thermopower), S, and electrical resistivity, ρ, is used to estimate the power factor,
, which is a part of the thermoelectric figure of merit.
Both the Seebeck coefficient and electrical resistivity are very sensitive to mobile charge carrier concentration, which can be controlled via chemical substitution. The goal of this work is to elucidate the effects of local electron imbalance on the Seebeck coefficient, electrical resistivity, power factor, and carrier concentration obtained from 125 Individual ingots of all alloys with a diameter of 10 mm and a length of ~40 mm were synthesized by the direct melting of the components in fused quartz ampoules at 1323 K. X-ray diffraction (XRD) patterns were obtained using a Rigaku Ultima U4 diffractometer at 300 K.
Homogeneity and composition of all alloys was checked by scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS). 125 Te nuclear magnetic resonance (NMR) experiments were performed at 126 MHz using a Bruker 400WB plus spectrometer with TopSpin software in a magnetic field of 9.4 T without sample spinning (static regime). 125 Te NMR chemical shifts were referenced to Te(OH) 6 in solution and chemical shifts relative to (CH 3 ) 2 Te in benzene were larger by +712 ppm [10] . 125 Te NMR spin-lattice relaxation measurements were used to obtain the spin-lattice relaxation time, T 1 , and free (mobile) charge carrier concentration, p, using GeTe as a reference material [8, 10] . Measurements of the Seebeck coefficient and electrical resistivity were conducted simultaneously on the same sample using an LSR-3 measuring system (Linseis, Inc.) in a helium environment. Non-uniform carrier concentration in tellurides was suggested for PbTe-based materials based on microscale Seebeck scanning [15, 16] . XRD, SEM, and EDS show chemically homogeneous materials, but Seebeck scanning demonstrates significant change its magnitude and even the presence of areas with n-or p-type conductivity [15] . This was explained by possible change in carrier concentration due to slight composition deviation [15, 16] , which for PbTe-based materials was also observed by 125 Te NMR [10, 17] . Similar inhomogeneity for
GeTe-based materials shown here demonstrates that the change in carrier concentration due to variation of local composition is typical for multicomponent tellurides. Fig. 4(a) and Table 1 The position of the NMR signal in electrically conductive materials is typically expressed via the total shift, δ total , relative to the reference material: δ total = δ chem + K, where δ chem is the chemical shift due to the environment around Te atoms, and K is the Knight shift due to the effect of the hyperfine interaction between nuclei and free (mobile) charge carriers and strongly depends on the carrier concentration [18, 19] . The Knight shift, K, and spin-lattice relaxation time, T 1, are related via the Korringa relation K 2 T 1 T = const, where T is the absolute temperature [19] , and at constant temperature the Korringa relation can be shown as K 2 T 1 = constant [21] . Te 50 using long T 1 components is +600 ppm, i.e., they are larger and smaller than that of GeTe, respectively, which explains the position of 125 Te NMR signals (Fig. 3) .
In general, Ag in GeTe serves as a donor, while Sb as an acceptor. However, the effect of chemical substitution via alloying in GeTe is quite different compared to that in semiconductors like Si, where donors (P) create mobile electrons (n-type conductivity) directly in the conduction band, while acceptors (B) create mobile holes (p-type conductivity) in the valence band.
Although GeTe is a semiconductor, the temperature dependence of its electrical resistivity is typical for that of metals up to 800 K [8] , which can be explained by a high carrier concentration generated by Ge vacancies [7] . Ag x Ge 50-x Te 50 and Sb x Ge 50-x Te 50 also exhibit metallic conductivity (not show here), which demonstrates that the analysis of these materials can be conducted upon the assumption of a degenerate electronic (metallic) state in these materials [23] .
Opposite changes of carrier concentration in Ag x Ge 50-x Te 50 and Sb x Ge 50-x Te 50 can be explained by different valence electron configurations of Ag and Sb compared to that of Ge, which results in a different local electron imbalance and/or in a change of Ge vacancy formation energy, and affects the total carrier concentration. DFT calculations for pure GeTe by Edwards et al. [24] show that (i) Ge vacancy has very low formation energy, and (ii) the presence of Ge vacancies in large numbers leads to a large concentration of holes in the valence band. In principle, Ag can also decrease this energy, while Sb can increase it and this may result in a higher or lower concentration of Ge vacancies and change the total carrier concentration.
A total hole concentration, p total , in GeTe-based materials containing Ag or Sb may consist of contributions from: (i) Ge vacancies (two holes per vacancy) producing the base hole concentration, p base , and dependent mostly on the Ge/Te ratio, and contributions (ii) due to Ag at a Ge site producing an additional hole and/or more Ge vacancies and resulting in p total > p base , and (iii) due to Sb at a Ge site producing one electron and due to its compensation in p-type 
